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Abstract: Autoradiography is a process used in making photo-
graphs of naturally radioactive materials by using the alnha
radiation they emit, It has also been used in tracer isotone
studies, l!any elements can be made radioactive by neutron irradi-
ation, This paper describes the use of autoradiogranhy in making
photographs of materials that have been artificially activated in
a nuclear reactor, and emit beta radiation during decay. !llost
natural materials are nonhomogeneous, and differences in compo-
sition can be shown by neutron-activation autoradiography, even
when more than one element has been activated, A table is given
that can be used to help decide if a particular element will be
useful in neutron-activation autoradiography. We found by calcu-
lation and by experiment that the method would be useful in the
study of thin sections of a large variety of rocks. The most use-
ful common rock-forming elements are Al and Na but accessory
elements can often be used, too, if local concentrations are high
enough, as in ores. The method can also be used in living 6rganic
systems, for example in plant and animal experiments, where it is
undesirable or not feasible to introduce radioactive tracers into

the system, The element to be studied can be introduced normally,

duced elements may have concentrated.
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Autoradiography is a process in which an object containing
radioactive material 1s photographed by using the radiation it
emits, Among the first uses of autoradiography was the study of
the distribution of uranium,and thorium compounds in orcs (1-4).
Decaying uranium emits alpha particles, so if a photographic film
is held next to a cut face of uranium-becaring ore the alpha particles.
cmitted from the flat facp, and from a thin zone in back of it,
cxpose the photographic emulsion to give a picture of the distri-
bution of uranium across~the face as a function of its concentration,

In the period just after the Second World War radioactive
tracers became readily available and came into general usc 1in
medicine and biology. In these studies isotopes with short half-
lives were introduced into living organisms, and their distribuiion
by physiological processes was stu&icd by monitoring the progress
of their beta and gamma radiation through the organism (5). By
these means it could be shown, for example, that in human subjects
iodine concentrates in the thyroid (6), and phosphorﬁs in the bones,

m

in zones of calcifying cartilage, and in tecth (7). These tracer
experiments can also be recorded by scintillation equipment which
is scnsitive exclusively to gamma radiation (8). In laboratory
animals, where longer-lived isotopes and/or larger quantities of
radioactive tracer have been used, organs'and tissues have been
studiecd in the living animal with scintillation eauipment, and with
auvtoradiography after the animal has been sacrificed,

Autoradiography using tracers has been accomplished at the

Hy

electron-microscopic level (9), and structural studies o
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ciivromosomes nhave been carricd out by examination of autoradiographs
with an optical microscope (10).

To date, therefore, most autoradiographlc work has been done
using radicisotopes as tracers, and has becen cmployed in biclogical

m

nhiysiological, and medical vescarch, This introduction will be

quite familiar to workers in those ficlds. Some work, however,

: . ; : - ' .51 ... 54 .~ 64
has been done in alloy systems: Ior examnle Cr”™, ¥n” ", and Cu
have been used as tracers in an Al-Zn-Mg alloy to study their
relation to metallographdic. structures before and after not-pressing
and annealing (11). Self-diffusion of Au in Au and in Au-Ni alloys

has also been studied by use of radicactive gold tracers (12, 13).

<2

Neutron Activation Autoradiography

here is another potential application of autoradiogrephy that
is very simple in concept, This involves activating a normally
nonradioactive material with tinermal neutrons so that it will give
an autoradiograph. Our literature search has turned up only a few
isolated examples. In important ecarly work minerals containing Mn,

Au, Cu, W, P, K, Ba, Na, and As have been investigated, using

o stray
neutrons from a cyclotron as a socurce of radiatien (14, 15). Autoe-
radiograpihs of ncutron-activated ores containing these clements

were successful. A microperthite and an Al-Cu alloy have been

activated (16); Na in the microperthite and Cu in the alloy

v

apneared on the autoradiograph with microscopic resolution,

1 : w2
undergoes a thermal-necutron rcacticn.to B™7, which
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the very short half-life of ,022 seconds. Steel samples
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alpha and betp radiation from decaying b mekes an autoradiograpih
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which is anparently not clouded too much by the flux auring ir-

radiatcion (17). Recently the method of neutron activation auto-

vadiography has Leen used to copy old photographs of histeric

o 5

interest that have faded badly (18). The old nhotograph, which

o 107 .. ... . oo s
contains Ag in its image, 1s irradiated in a rcactor to produce

th

the radioactive daughter., Aglog, with a half-life of 2.3 minutes,
The activated photograph 1s then used to expose a negative, anc
print shows an imago that is grcatly enhanced over
the original,

Autoradiography by thermal neutron irradiation cen bve
particularly valuable 1f used in conjunction with ncutron acti-
vation analysis. The examples just cited indicate that thecre are
many useful applications, and we find it notcyorthy that the method
is not in eral use. In the balance of this ﬁaper we describe

the process and discuss possible applications.

1

The method takes advantage of the facts that 1. a very large
number of naturally occurring isotopes will undergo nuclicar reactions

o

in & neutron flux to produce radioactive daughter nuclices, and

N vy am e T ™ - S 3 ~ 3 o Y [ 1 . .o
2, no natural or artificial material is completely homogencous,
In those materials whose inhomogencities are on a larger scalc than
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lso be done in l*v1}g organic systems,
Problems encountercd in the method involve interference of

nuclide activities in an autoradiogrephic image (the cquestion of

which nuclide produced what part of a given exposure), resolution
of fine detail in the image, and the exposure-thresliold properties

of photographic emulsicns,
In many cases morc than onc clement in a sample can de made
1iohly active by irvadiation., These will not intoerfere with cach

ther on the autoradiographs if theilr half-lives are su
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Sodiuwm and Al ave present in very low concentrations in

sandstone and limestone, so thelr calculated activity levels in

hesc rocks are also low. Surprisingly, however, Al with a

I

wiole-vock concentration.of only 2.5% in the sandstone, still has
hest activity in that rock. An autcradiograph of a sand-
stonc that has this average conmposition, therefore, could give a

nicture of the distributlion of Al - presumably in the cementing

The average limestone (Table 2) does not look too hopeful
from the autoradiographic viewpoint, but sce Fig. 3. This 1s
b

an autoradiograph of a rock thin scection in which the circular

dark areas are cross=-sections tir
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ugh fossil corals, and to the
eye the matrix appears to be eilther calclte (CaCO~) or dolomite
Fe)CO. . Calcium, Mg, and Fe should uctivate only very

weakly, as seen in Table 1, while C and O were not even included

in the table, therefore neither tho dolemite nor the calcite of

Cbviously, autoradiography is only usciul 1f it cnables onc to sce
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Cassidy et al., - Page 1 of Table

|
\ ‘ :
Table 1: Relative effects of thermal-neuvtron irradiation of certain clements,
i :
Sqlecﬁed for thelr sultability in autoradiography.

Deughter nuclide, Mass Initial Activity: Ao Irrad, Half-
. " o n 7 —10 3. e - - i rev s e B
or clencnt Ho. (10" /betas/scc/om) [ime Life

Dy (el.) 27.3 9.3h

Dy 165 ' 22.0 9, 3h 2.32h

~—

Ir 194 21.0 : 43, 0h 19.0h

Lu 152nm 20,0 : 36.8h %.2h

S (el.) 0.81 48,0h



Cassidy et al, - Page 2 of
(&4

i

Ddughter nuclide, xiass  Initial Activity: A Irracd. Half-

1 &
o
{ - - Ay e I .-.10 i N - . Ee i o
or clement No. (10 /betas/scc/zm) fime Life

Sn : 153 0.76 48,0h 47h
Dh 1.04m 0.70 17.6n 4, 4m
\% _ 52 0.60 15.0m 3.70m

Br - (c1.) 0.48 4

e}
-

<O
g

"
H
ot
i
nNo
<
-
I
p
[os
.
o
e
S
s
(o
oy

bDr 80 0,32 74, 0m ) 18, 5n

Rh (el.) 0,30 £48,0n N
Rb 86 0,30 48, 0h 18.6d
As 76 0.25 48.0h 26,60
1 187 0.24 48,00 24n

Cu (el.) 0.22 48.0h

Yb (el) 0,23 48,00

1, 140 .29 48,00 A0, 2h

Y 175 0.19 48,00 4,24



assidy et al, - Page 3 of Tedble 1

Deughter nuclide, ass Tnitial Activity: /\O Irrad, S llelf-
f ) ” “10 e -
L or element No. (10 "“/betas/sec/gn) Time Life

Cu . 64 0.10 48,00 12,81
rd 109 0.15 48,00 " 13,60
Na , 24 0.12 48.0h 15,0h

Br ) §0m 0.11 17.6h 4,4h

p=3
i
,...J
<
~
o

7.3h 1.83h

Sh (c1.) ,076 ! 48,0n

[
.
jo8

Sh 122 073 48, 0h
Br 32 .069 48,.0h 35,0h

Ga 72 L068§ . 48.,0h 14,20

Cu 60 . 059 20.,0m 5.15m
Al _ 23 051 9, 2m AR
Lr : (c1.) ' 051 48.0h

Sm 155 L0590 a6, On 24,0m
Er 171 048 30.0h 7.5h

T 170 045 48,00 1274




N
Dauvght

or

cr Huclide,

clement

Ga
ad

\
X

Initial Activity: A

(10N10/b0tﬂ5

Y

. 039
039

+035

/Scc/gm)

G

¢

Irrad.

Tinme

84m

48,0h

Pege 4 of Table

Half-|

Life |

21m
64,20

18.0h
75.0d
25d

1.9h




Daughter nuclicde,

or clement

. Cl

Pt

-

\
|

Mass Igitial Activity: A8~ Irracd.
No., (ﬂo”lo/betas/sec/gm) Time
38 016 2.5h
(el.) 016 48,0h
193 ;014 48,0h
(el.) .013 37.4h
42 011 ; 48.0h

L0087
0084
.0032
L0079
L0077
L0077
L0073
L0071
L0007
L0060

L0055

Cassidy et al,

- Page 5 of Table

31.5h

12.47h

31m




Cassidy et al., - Page 0 of Table 1

Daughter nuclide, sMass  Initial Activity: Ay ' Irvrad, Half-
N » AT - 10 - . . - cr -
or clement No. (10 /betas/sec/gm) Time Life

Ky o (e1)) - Loods .17.6h

Co 60m L0048 42.0m  10.5m
HE ~ 181 L0046 48.,0h 46d
Kr 85m 0041 17.6h 4.4h

o
O
e
7
bt
St
[en)
O
W
(oo}

48,0h

P 32 .00306 42.0h 14,3d

Sn (e1.) L0036 48,0h

Te 131 L0030 99, 2nm 24, &n
Ce 143 ,0030 A8, Oh 33h
Er 169 L0027 4¢,.0h 9,44
Se 81m L0027 | 3. 8h 56.8m
Mo 89 D026 ‘ 48,0h 67h
Rb 88 L0024 71.2m 17.8n
P 117 0020 88m 220
e 129 0020 4,00 7
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Daughter nuclide, Mass  Initial Activity: A Irrad, Half-

ine Life

]

or clement No. (10—10/betas/scc/gm)

lg (el | L0019 48,00

s 121 L0016 48.0h 27.5h
Sb 124 L0012 48.0h 60d
Mo - 101 ‘ L0012 53, 4n 14, 6m

Cr 55 .0010

ot
o
j )
el
=
|3
°

w

Hz 203 L0010 ’ 48,0n 45.8d

Ti 51 .00092 2%.2n 5,79

-

Ca 49 . .00090 3.8h 57m
g . 205 00088 22n 5. 5m
T (el.) 00080 48,0h

Cs 134m 00077 12.8h - 3.2h

tg 27 00075 40.8 10, 2n

Kt 87 L,00075 5.2h 7 &m
Si 31 L0074 10,601 2.065h
Du 103 00074 A8, 00 A1d
5h 124w 000073 5.2m 1,5

1




Daughter nuglide,

|

l

|
or clcmo?t

Bi

Fe

Pb

Mass

No.

.00C10

,000032

000010
.000009

,0000038

Initial Activity: Ao' Irrad.

(10"1O/bctas/séc/gm) Time
00063 84m
00061 15.2nm
00061 38m
,00048 48, 0h
.00038 ! 2.67h

48,0n0
48,0h

48, 0h

13.3h

48,00
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Cassidy ¢t

2: Major-clenment compositions charvacteristic of cer

and calculated initial activitic
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